Urinary incontinence aff ects women of all ages. History, physical examination, and certain tests can guide specialists in diagnosing stress urinary incontinence, urgency urinary incontinence, and mixed urinary incontinence. First line management includes lifestyle and behavior modifi cation, as well as pelvic floor strength and bladder training. Drug therapy is helpful in the treatment of urgency incontinence that does not respond to conservative measures. In addition, sacral neuromodulation, intravesical onabotulinumtoxinA injections, and posterior tibial nerve stimulation can be used in select patient populations with drug refractory urgency incontinence. Midurethral synthetic slings, including retropubic and transobturator approaches, are safe and effi cacious surgical options for stress urinary incontinence and have replaced more invasive bladder neck slings that use autologous or cadaveric fascia. Despite controversy surrounding vaginal mesh for prolapse, synthetic slings for the treatment of stress urinary incontinence are considered safe and minimally invasive.
Introduction
Urinary incontinence in women is a common and costly problem. Many treatment options are available, from simple lifestyle modifi cations to invasive surgery. This review describes the most common types of urinary incontinence, appropriate clinical investigations, and the treatment options available. Recent advances, including new pharmacologic and surgical therapies, have reshaped the treatment of incontinence. Overall, level I evidence supports the use of these treatments, and clinicians have a wide range of treatment options to choose from.
Epidemiology and prevalence
The International Continence Society defines urinary incontinence as any involuntary leakage of urine. 1 2 Urinary incontinence is estimated to aff ect 200 million people worldwide. 3 The prevalence of urinary incontinence in women is variable in the literature, but it is reported to be as high as 55%. 4 This number may be an underestimate, because up to half of women may fail to report urinary incontinence to their healthcare provider. 5 This may be due to embarrassment, lack of knowledge about treatment options, or a belief that urinary incontinence is a normal inevitable part of aging.
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According to the 2010 International Urogynecological Association (IUGA)/International Continence Society (ICS) joint report, stress urinary incontinence is defi ned as voluntary loss of urine on eff ort, physical exertion, or on sneezing or coughing.
2 Depending on age, the prevalence of stress incontinence ranges from 29% to 75%, with a mean of 48%. 7 The prevalence of daily stress urinary incontinence is 10% in community dwelling middle aged women. 8 A third of women with stress urinary incontinence report leakage weekly. 8 Urgency urinary incontinence is defi ned as the involuntary loss of urine associated with urgency.
2 Urgency incontinence is part of a larger symptom complex known as overactive bladder syndrome, which is defined as u rinary urgency, usually accompanied by frequency and nocturia, with or without urgency urinary incontinence, in the absence of urinary tract infection or other obvious disease. 2 The National Overactive Bladder Evaluation (NOBLE) study, in which investigators conducted telephone interviews with more than 5000 adults, with a follow-up nested study, found the prevalence of overactive bladder syndrome to be 16.9% in women and 16% in men. 9 People with overactive bladder syndrome-dry (without leakage) have frequency and urgency without leakage, whereas people with overactive bladder syndrome-wet (with leakage) experience overactive bladder syndrome with urgency urinary incontinence. The overall prevalence of urgency urinary incontinence is estimated at 7-33%. 7 Women are more likely to experience urgency urinary incontinence (overactive bladder syndromewet) than men, with 9.3% of women experiencing this SOURCES AND SELECTION CRITERIA In November 2013, we searched PubMed and the Cochrane databases using the keywords "female urinary incontinence", "stress urinary incontinence", "urgency urinary incontinence", "mixed urinary incontinence", "overactive bladder", "pelvic floor muscle training", "tibial nerve stimulation", "percutaneous sacral nerve modulation", "suburethral bulking agents", and "midurethral slings". For individual sections, further keywords related to the overall subjects were searched in the same databases. For example, "mirabegron for overactive bladder", "cost of urinary incontinence", or "behavioral modification for stress urinary incontinence". We searched for published guidelines on the American Urological Association, American Urogynecologic Society, Society of Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction, and National Institute for Health and Care Excellence websites. We considered all clinical trials and review articles published in English . We prioritized randomized controlled trials, systematic reviews, and meta-analyses.
Risk factors
Established risk factors vary by type of urinary incontinence.
Pregnancy and childbirth
Pregnancy and childbirth are established risk factors for stress urinary incontinence. 19 Although vaginal delivery and caesarean delivery increase the risk of stress urinary incontinence, the risk is higher in women who deliver vaginally. In a study of more than 15 000 women, the prevalence of urinary incontinence among nulliparous women was 10.1%, versus 15.9% in the caesarean delivery group and 21% in the vaginal delivery group. 20 This may be due to a combination of injury to the pelvic fl oor musculature and connective tissue, as well as nerve damage as a result of pregnancy and labor.
Hysterectomy
Hysterectomy has been associated with the development of urinary incontinence, 21 22 particularly stress urinary incontinence. 19 Hysterectomy may damage the muscles of the pelvic fl oor and lead to incontinence, although this is poorly understood. Stress urinary incontinence has also been associated with vaginal prolapse, including cystocele (prolapse of the bladder), rectocele (prolapse of the rectum), 23 uterine prolapse, 24 and vaginal vault prolapse aft er hysterectomy, probably from the common risk factor of the weakening of the pelvic fl oor muscles. Weakening of the structures of the pelvic fl oor can contribute to both prolapse and incontinence, and the two problems may be inter-related because they oft en share a common cause.
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Other risk factors Recurrent urinary tract infection is independently associated with urgency urinary incontinence and is a readily treatable cause of this condition. 26 Higher body mass index 21 24 and advancing age 27 are associated with both stress and urgency urinary incontinence. Family history is important because women whose mothers or older sisters are incontinent are more likely to develop stress and mixed urinary incontinence.
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Smoking has been associated with urgency urinary incontinence in women, 29 possibly because of the ir ritative eff ects on the bladder. Smoking is also associated with chronic cough, which can contribute to stress urinary incontinence. 30 Caff eine has a diuretic eff ect and may also play a role in urgency urinary incontinence.
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A cross sectional national survey of more than 4300 women found that daily caff eine intake of greater than 204 mg (roughly the amount of caff eine in one cup of coff ee) was associated with a prevalence of 40% of any type of incontinence, most commonly stress urinary incontinence. 32 Many other factors increase the risk of urinary incontinence, and box 1 provides a summary of the levels of evidence for all established risk factors.
Evaluation
Because of the lack of self reporting and the high incidence of urinary incontinence and bother, it could be argued that all women presenting to their primary care physician should be screened for symptoms of urinary incontinence. 34 However, professional organizations, such as the US Preventive Services Task Force (USPSTF) and the American Urological Association (AUA), provide no specifi c screening recommendations, and many women experience leakage that is infrequent and do not seek medical attention. Hence, screening for urinary incontinence is likely to be of maximum benefi t to women whose quality of life is aff ected by urinary incontinence (box 2).
History
The investigation of a patient with urinary incontinence should begin with a specifi c history. Associated urinary symptoms such as frequency, urgency, hematuria, recurrent urinary tract infections, and nocturia should be elucidated and explored. To tailor treatment to the individual, it is necessary to determine whether symptoms of stress, urgency, or both types of incontinence are present. 34 Symptom severity can be assessed by inquiry about daily pad usages, including pad size (pantiliner v menses pad v incontinence pads or diapers). It is important to ask about fl uid intake because many women exacerbate symptoms by drinking six to eight glasses of water a day, regardless of thirst. 34 Symptoms of a vaginal bulge may indicate pelvic organ prolapse, which is highly associated with stress urinary incontinence and can also contribute to urgency urinary incontinence. 
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It is also important to identify lower extremity edema (to determine possible sources of polyuria in a patient with nocturia) and overall cognitive status, and to perform a neurologic examination . Urine analysis should be performed in all patients to assess for microhematuria, glucose, protein, leucocytes, and nitrites, and to rule out infection as an acute cause. 35 When indicated, a urine culture is performed. Urofl ow (measured fl ow rate), commonly performed in urologists' and urogynecologists' offi ces, is useful only for women with signs of voiding dysfunction. 34 Measurement of post-void residual volume, by ultrasound or catheterization, will assess a patient's ability to empty the bladder, and should be performed in women presenting with voiding diffi culty or recurrent urinary tract infection. 34 35 Cystometry Patients with uncomplicated stress or urgency urinary incontinence generally do not require cystometry before starting conservative treatment, including drugs, unless they have microhematuria or other complicating factors, such as previous incontinence surgery or recurrent urinary tract infections. A multicenter randomized non-inferiority trial of 630 women showed no benefi t of performing urodynamics over offi ce evaluation alone in patients with straightforward stress incontinence before sling surgery.
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Treatment was successful in 76.9% of the urodynamic testing group versus 77.2% of the offi ce evaluation group, with a non-inferiority margin of 11%. 42 Treatment success was defi ned as a 70% or more reduction in the baseline score of the urogenital distress inventory and a patient global impression of improvement response of "much better" or "very much better" at 12 months. 42 However, women with a history of anti-incontinence surgery, planned surgery for pelvic organ prolapse, urge predominant incontinence, and neurologic disease were excluded, which limits the generalizability of the study results to patients with more complex needs.
A second multicenter diagnostic cohort non-inferiority randomized controlled trial (RCT) of 126 women with urodynamic fi ndings discordant with clinical assessment randomized women to immediate surgery or tailored treatment based on urodynamics.
43 It concluded that urodynamics should not be routinely used before midurethral sling surgery because immediate surgery was non-inferior to treatment based on urodynamic fi ndings, with non-inferiority defi ned as less than a fi ve point diff erence on the urogenital distress inventory.
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Urodynamics should not be performed in women with untreated symptoms or urgency incontinence who have no evidence of neurologic disease or voiding dysfunction.
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AUA/SUFU guidelines discourage the use of urodynamics in the initial workup of the uncomplicated patient. 38 However, it is oft en helpful in patients with mixed symptoms who Questionnaires Several validated tools are available to assess the severity of urinary incontinence and measure condition specifi c HRQOL. The urogenital distress inventory (UDI-6) and the incontinence impact questionnaire (IIQ-7) encompass the urinary domain components of the pelvic floor distress inventory-short form (PFDI-20) and the pelvic fl oor impact questionnaire short form (PFIQ-7). They are popular questionnaires among specialists and measure symptom severity and impact on HRQOL, respectively.
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Although no specifi c questionnaires are endorsed by professional societies in the US, the National Institute for Health and Care Excellence (NICE) recommends the use of:
• The international consultation on incontinence questionnaire (ICIQ)
• The Bristol female lower urinary tract symptoms questionnaire (BFLUTS)
• The incontinence quality of life questionnaire (I-QOL) • The stress and urge incontinence and quality of life questionnaire (SUIQQ)
• The urinary incontinence severity score (UISS) • The stress-related leak, emptying ability, anatomy, protection, inhibition, quality of life, mobility and mental status quality of life index (SEAPI-QMM)
• The incontinence severity index (ISI) • The king's health questionnaire (KHQ).
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A systematic review by the symptom and quality of life committee of the International Consultation on Incontinence confi rms the use of these questionnaires, all with a grade A recommendation.
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Bladder diary A bladder diary can be useful for quantifying symptoms and recording the number and type of episodes of urinary incontinence, and these diaries are recommended by both the AUA and the Society of Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction (SUFU). 38 39 A bladder diary will also record the voiding times and exact voided volumes (recorded by a "hat" placed in the toilet).
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NICE guidelines also recommend the use of bladder diaries in the initial assessment of women with urinary incontinence or overactive bladder syndrome. 35 Women should complete the diary for a minimum of three days to cover variations in their daily activities, although a two day diary may be more feasible for patients to complete. 35 However, bladder diaries are not always needed when the severity and type of urinary incontinence are readily ascertained from the history.
Physical examination
Pelvic examination will identify the presence of associated pelvic organ prolapse, as well as a woman's ability to initiate voluntary contraction of her pelvic fl oor muscles (the "Kegel" exercise). 34 The ability to contract the pelvic fl oor muscles should be confi rmed on pelvic examination before initiating pelvic fl oor muscle training for treatment. 35 This can be done by asking the patient to squeeze her vaginal muscles around the examining fi nger.
A cough stress test with a comfortably full bladder will identify the presence of stress urinary incontinence in most cases. The stress test is performed by asking the patient whose bladder is comfortably full to cough in the supine detrusor contractions (and reduce urgency urinary in continence). More commonly known as Kegel exercises, these should be done several times a day and need to be performed consistently over time for benefi t to be sustained. A systematic review of patients with urgency, stress, and mixed incontinence found that pelvic fl oor muscle training was more eff ective than placebo or no treatment at all and should be included as fi rst line management for urinary incontinence.
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AUA/SUFU guidelines recommend pelvic fl oor muscle training as a fi rst line treatment for overactive bladder syndrome.
38 NICE guidelines recommend off ering a trial of pelvic fl oor muscle training for three months, with eight contractions being performed three times a day, as fi rst line treatment for women with both stress and mixed urinary incontinence. 35 In a study of 22 women with pure stress incontinence, 32% were cured aft er three months.
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When properly performed, these exercises may be more eff ective than pharmacologic management. 51 An RCT of 197 women with urgency urinary incontinence randomized to behavioral treatment, oxybutynin, or placebo found an 80.7% reduction of urinary incontinence episodes with behavioral treatment versus a 68.5% reduction with drug treatment and a 39.4% reduction with placebo (P=0.04).
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Drug treatments for urgency urinary incontinence and overactive bladder syndrome Anticholinergic drugs Anticholinergic agents are the mainstay of drug treatment for urgency urinary incontinence and overactive bladder syndrome that does not respond to behavioral modifi cation and pelvic fl oor exercises. Several agents are currently available, including oxybutynin, tolterodine, fesoterodine, trospium, solifenacin, and darifenacin. Propiverine is also available in the United Kingdom. All have been shown to be safe and eff ective in the treatment of overactive bladder. Most diff erences are related to the adverse eff ects of the various drugs, not the effi cacy of these agents. A systematic review showed that patients taking tolterodine were less likely than patients taking oxybutynin to withdraw from studies because of adverse eff ects such as dry mouth (relative risk 0.52, 95% confi dence interval 0.40 to 0.66). 52 However, withdrawal is less likely when extended preparations of either drug are used.
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Common adverse eff ects include constipation, impaired cognition, sedation, and blurred vision. 53 These agents should not be used in patients with narrow angle glaucoma because they can increase intraocular pressure. The incidence of angle closure glaucoma caused by anticholinergic agents in patients with overactive bladder syndrome is unknown. Although these drugs can be safely used in open angle glaucoma and in patients with narrow angle glaucoma treated with laser iridotomy, physicians prescribing anticholinergics should warn patients about the symptoms of an attack, such as eye pain and visual loss. These drugs should be used with caution in patients at high risk or with known narrow angle glaucoma.
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AUA/SUFU guidelines recommend exercising caution in prescribing anticholinergics to frail patients because these drugs can cause cognitive changes. 38 Specifi cally, NICE guidelines state that immediate release oxybutynin should could benefi t from further specifi c delineation of the cause of their urinary incontinence.
Cystometry is also useful before starting more invasive treatment for drug refractory overactive bladder syndrome. NICE guidelines advocate the use of fi lling and voiding cystometry in women with suspected detrusor overactivity, voiding dysfunction, anterior prolapse, or in those who have had surgery for stress incontinence. 35 If the diagnosis is still unclear, video urodynamics can be considered. 35 Many s pecialists prefer video urodynamics as part of routine urodynamics because it provides important anatomic information about the appearance of the bladder and bladder neck (oft en open in women with stress urinary incontinence).
Initial management
Urinary incontinence can successfully be managed initially at the primary care level in most patients. Referral to a specialist is usually indicated when conservative measures fail to improve symptoms. Specialists include urologists and gynecologists with experience in treating urinary incontinence. A visual summary of treatment options is shown on page 6.
Lifestyle interventions
Women with all types of urinary incontinence can be advised to decrease their intake of fl uids, caff eine, and carbonated drinks. 44 Women are taught, by both the media and the medical establishment, that it is necessary and optimal to drink eight glasses of water daily. Many women do not understand that the recommended six to eight glasses (240 mL each) of water a day includes the water present in food, which contributes substantially to overall total fl uid intake. 45 Hence, re-education is appropriate for women with symptoms of overactive bladder syndrome who admit to excessive fl uid intake, unless otherwise medically indicated.
Further behavioral modifi cation includes timed voiding, with a goal of reducing voiding frequency to every two to three hours. Women who are unable to wait this long begin by voiding at a set interval (such as an hour) and then increase the time interval by 15-30 minutes each week until the desired interval is reached. 46 According to both AUA/SUFU and NICE guidelines, women with urgency or mixed urinary incontinence should be off ered bladder training as a fi rst line treatment. 35 38 Constipation should be managed and avoided because this contributes to urinary incontinence and voiding dysfunction. 47 Women with a body mass index greater than 25 should be advised to lose weight if they present with new or worsening symptoms, 34 because weight loss signifi cantly reduces symptoms of urinary incontinence.
48
A randomized trial of weight loss versus no intervention in 347 obese women with 10 or more episodes of urinary incontinence a week found a 65% reduction in stress urinary incontinence in the weight loss group versus 47% in controls at 12 months (P<0.001).
Pelvic floor muscle training Pelvic fl oor muscle training consists of strengthening the muscles of the pelvic fl oor (to reduce stress urinary incontinence) and contracting them in isolation to inhibit once daily mirabegron had 1.1 (−1.35 to −0.91) fewer daily episodes of urinary incontinence with placebo, compared with 1.5 (−1.69 to −1.25) for 50 mg mirabegron, and 1.6 (−1.86 to −1.40) with 100 mg mirabegron, from a baseline of 2.4 episodes daily. 61 Adverse eff ects were uncommon, with dry mouth and constipation reported in less than 2% of all patients. In addition, a pooled phase III clinical trial showed no signifi cant increase in hypertension (<1 mm Hg) with mirabegron versus placebo.
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Treatment of drug refractory urgency urinary incontinence and overactive bladder symptoms
If patients do not respond to an adequate trial of two diff erent anticholinergic drugs aft er four weeks each, minimally invasive treatment options are available. Patients should be made aware that overactive bladder syndrome and urgency urinary incontinence, especially when severe, are chronic conditions that can be improved, but are unlikely to be cured. 63 Success is more likely if patients play an active role in managing their symptoms.
OnabotulinumtoxinA
OnabotulinumtoxinA is available for offi ce based intravesical injection under local anesthesia. It was approved by the US FDA for use in adults with overactive bladder in January 2013 and by European regulators for use in 14 countries in the European Union in 2011. A multicenter double blind RCT found that onabotulinumtoxinA signifi cantly improved HRQOL and severity of overactive bladder syndrome symptoms. In a study of 548 patients randomized to 100 units of onabotulinumtoxinA versus placebo, a decrease of three urgency urinary incontinence episodes a day (−3.23 to −2.38) was seen at 12 weeks with onabotulinumtoxinA compared with one episode for placebo (−1.16 to −0.48; P<0.001). 64 This RCT showed that onabotulinumtoxinA is an eff ective treatment for patients who have not responded to more conservative measures, such as anticholinergic drugs.
64 A systematic review of 23 articles, including three RCTs, found that patients treated with intravesical onabotulinumtoxinA had 3.9 fewer urinary incontinence episodes a day than those on placebo (−6.15 to −1.62). 65 Another RCT of 275 patients with neurogenic detrusor overactivity from spinal cord injury and multiple sclerosis showed that this treatment reduces urinary incontinence and improves urodynamic parameters and quality of life.
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Before treatment, patients should be adequately counseled about the risks of onabotulinumtoxinA injections, which include urinary retention (albeit temporary) and urinary tract infections usually associated with incomplete emptying. Retention requires an indwelling catheter or the need to self catheterize temporarily. Patients treated with onabotulinumtoxinA have a nearly ninefold increased risk of a post-void residual complication, such as urinary retention.
65 When a dose of only 100 U is used, retention requiring catheterization is about 5%. 67 AUA/SUFU guidelines advocate the use of onabotulinumtoxinA 100 U as a third line treatment for women with overactive bladder syndrome who are willing to perform self catheterization if necessary. 38 By contrast, NICE guidelines recommend that 200 U should be injected, unless the woman is worried about retention and is willing to accept not be off ered to frail older women, defi ned as women with multiple medical comorbidities, functional impairments in activities of daily living, or any cognitive impairment.
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These changes are more likely with tertiary amines, such as oxybutynin, and less likely with trospium, a quaternary ammonium compound that is potentially less likely than oxybutynin to cross the blood-brain barrier and cause central nervous system side eff ects.
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Many women are unable to tolerate anticholinergic drugs, and 30-91% stop taking them by one year. 56 57 Physicians are advised to start by prescribing the lowest recommended dose of any anticholinergic drug, and should off er a transdermal route to patients who cannot tolerate the oral formulation.
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Transdermal routes in both a patch (transdermal oxybutynin, now available without a prescription) and gel formulation (oxybutynin chloride, available in the US) have fewer adverse eff ects than oral drugs, but may cause a rash or skin irritation.
Although more studies are needed to determine the clinical benefi t of using a quaternary amine rather than a tertiary amine, an RCT of trospium and placebo in 327 patients with overactive bladder syndrome reported similar somnolence in both groups. 58 Trospium has been shown to be undetectable in human cerebrospinal fl uid and there is evidence to support fewer cognitive defi cits with agents that have minimal penetration of the blood-brain barrier, such as trospium.
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Choice of agent A meta-analysis of more than 20 formulations of anticholinergics in more than 38 000 patients compared effi cacy and adverse events. It found that 40 mg trospium, 100 mg/g oxybutynin gel daily, and 4 mg fesoterodine daily had the best effi cacy, whereas higher doses of oral oxybutynin and propiverine had the least favorable profi le in terms of efficacy versus adverse events. 60 The review concluded that differences between the various anticholinergic drugs require a patient centered approach to tailor individual treatment algorithms.
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NICE guidelines recommend physicians to advise patients that they may not experience the full benefi t of these drugs until aft er four weeks of treatment. 35 AUA/ SUFU guidelines recommend four to eight weeks of treatment before pursuing another treatment course. 38 For women with overactive bladder syndrome or mixed urinary incontinence, once daily oxybutynin, tolterodine, or darifenacin should be offered as first line agents.
35
If the fi rst choice is not eff ective or is poorly tolerated, it is reasonable to off er another drug, preferably the least expensive.
Anticholinergic drugs should not be off ered to women with symptoms of isolated stress urinary incontinence in the absence of symptoms of overactive bladder syndrome. 34 All women who are prescribed anticholinergic agents should be counseled about the need for concurrent behavioral therapy, 34 because these drugs are more eff ective in combination with behavioral therapy than with either treatment modality alone.
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In 2012, the US Food and Drug Administration approved mirabegron for overactive bladder syndrome. This drug works by relaxing the bladder detrusor muscle through activation of β3 adrenoceptors, thus decreasing the incidence of traditional adverse eff ects seen with anticholinergics. A placebo controlled RCT found that patients taking 12 months, with patients receiving maintenance treatment an average of once every three weeks. Specifi cally, patients experienced 2.8 fewer voiding episodes a day (P<0.001), 1.6 fewer urgency incontinence episodes a day (P<0.001), and 3.7 fewer moderate to severe urgency episodes a day, with a 77.9% reduction in these episodes at 12 months (P<0.01).
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This demonstrates the durability of this treatment option as a long term therapy. 73 A systematic review of RCTs and both retrospective and prospective observational studies reported success rates of 54-93%, although the defi nitions of success varied. 74 Although initial results are promising, the limited data available, short duration of follow-up, and inconsistency in reporting of the control groups led to the conclusion that more research is needed to support its use in all women with overactive bladder syndrome.
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AUA/SUFU guidelines recommend percutaneous posterior tibial nerve stimulation as a third line therapy for highly motivated patients who are willing to comply with the frequent offi ce visits required. 38 Similarly, NICE guidelines recommend off ering percutaneous posterior tibial nerve stimulation only if there has been a multidisciplinary team review, conservative management with drugs for overactive bladder syndrome has been unsuccessful, and the patient does not want onabotulinumtoxinA or sacral neuromodulation.
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In the past, augmentation cystoplasty, in which a segment of stomach or intestine is patched on to the bladder to increase capacity, was used to treat overactive bladder syndrome refractory to medical therapy. However, since less invasive options such as onabotulinumtoxinA and sacral neuromodulation have entered the armamentarium for overactive bladder syndrome, this procedure is now reserved almost exclusively for urgency urinary incontinence with a neurogenic cause, such as spinal cord injury. In these patients, lifelong follow-up is needed and they should be counseled about the small potential risk of bladder cancer aft er bladder augmentation.
Treatment of stress urinary incontinence
Non-surgical options In the US, no drugs are FDA approved for the treatment of stress urinary incontinence that does not respond to Kegel exercises. However, duloxetine, an antidepressant, is available in the UK. A systematic review and meta-analysis of RCTs of duloxetine versus placebo showed that 52.5% of women treated with duloxetine had at least a 50% decrease in the frequency of incontinence episodes, compared with 33.7% of those taking placebo (1.46 to 1.66; P<0.00001).
75 Adverse events such as dry mouth, nausea, constipation, and fatigue were common in the duloxetine treated group, with 62.7% of patients in the treated group reporting side eff ects versus 45.3% of the placebo group (1.26 to 1.49; P<0.00001).
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However, current NICE guidelines recommend offering duloxetine only as treatment to women who are not surgical candidates or those who prefer drugs to surgery.
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Incontinence pessaries
Incontinence pessaries are rubber devices that are placed transvaginally, similar to a birth control diaphragm. They function by applying pressure to the anterior vaginal wall, thus supporting the urethra or even pinching it closed. In an RCT of 446 women randomized to incontinence p essary, a lower success rate, in which case 100 U is acceptable. 35 However, a recent phase III RCT of 557 patients found that a dose of 100 U produced a clinically signifi cant improvement in overactive bladder syndrome symptoms and HRQOL, with fewer side eff ects and comparable effi cacy to 200 U. 67 Specifi cally, patients experienced 2.7 fewer incontinence episodes versus 0.9 with placebo from a mean of 5.3 episodes (P<0.001), and 22.9% of patients were completely continent compared with 6.5% with placebo (P<0.001).
67 A systematic review of onabotulinumtoxinA for both neurogenic and idiopathic detrusor overactivity supported a level A recommendation for its use in these patients. 68 Women receiving onabotulinumtoxinA injections should be willing and able to perform clean intermittent catheterization or tolerate an indwelling catheter temporarily. 35 
Sacral neuromodulation
Sacral neuromodulation has shown effi cacy in controlling symptoms of overactive bladder. 69 70 A systematic review including evidence from four RCTs found that 67-80% of patients achieve continence or greater than 50% improvement in urgency urinary incontinence symptoms with sacral nerve stimulation compared with controls awaiting implantation.
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Stimulation occurs through electrodes placed into the S3 nerve foramen. There are two techniques for placing the device. In the percutaneous technique, a temporary lead is placed under local anesthesia in the offi ce setting. If successful aft er a short trial period of three to fi ve days, a permanent lead and implantable pulse generator ("battery") are placed surgically. Alternatively, the two-stage technique involves fi rst placing a permanent lead in the operating room, which is connected to a temporary external battery. If successful aft er one week (usually defi ned by ≥50% clinical improvement), a permanent subcutaneous battery is placed in a second surgical procedure. If the trial is unsuccessful, the lead is surgically removed. The formal two stage approach has a higher rate of proceeding to battery implantation than percutaneous testing (50.9% v 24.1%) because the permanent lead is more stable than the percutaneous wire, which can migrate easily. 71 However, around a third of patients who undergo battery placement require surgical revision, most commonly for pain, lead migration, replacement or explantation of the pulse generator, or wound problems.
70 This treatment is an excellent option for women who are unwilling to accept the risk of temporary urinary retention aft er onabotulinumtoxinA injection. 35 In addition, most women do well for the duration of the battery, which lasts up to fi ve years.
Posterior tibial nerve stimulation
Posterior tibial nerve stimulation is an offi ce procedure consisting of 12 weekly visits of about 30 minutes each. A small needle is placed posterior and superior to the medial malleolus to stimulate the posterior tibial nerve peripherally and modulate the sacral nerve plexus through the S2-S4 nerves. A multicenter RCT found that 79.5% of patients were subjectively cured or had improvement of overactive bladder symptoms at 12 weeks with percutaneous tibial nerve stimulation, compared with 54.8% of patients taking tolterodine (P=0.01). 72 The second phase of this study found a signifi cant improvement in symptoms of overactive bladder syndrome at ileopectineal (Cooper's) ligament. The autologous sling procedure entails harvesting a strip of rectus fascia, placing it transvaginally, and securing it superiorly to the rectus fascia.
A multicenter randomized trial conducted by the Urinary Incontinence Treatment Network compared outcomes between the pubovaginal sling using autologous rectus fascia and Burch colposuspension. In women with stress urinary incontinence, success rates were higher for those in the pubovaginal sling group (66% v 49%; P<0.001).
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Satisfaction was also higher in the sling group, 81 and this persisted to fi ve year follow-up. 82 However, morbidity was higher in the sling group-postoperative urinary tract infections, voiding dysfunction, and urgency incontinence were more common. 81 Rigorous criteria were used and it was determined that continence rates in the Burch group and sling group were 24.1% (18.5 to 29.7) and 30.8% (24.7 to 36.9), respectively, at fi ve years aft er surgery. 82 However, the satisfaction rate was more than 73% for all patients at fi ve years, indicating that treatment success and patient satisfaction may not be directly correlated.
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In addition to autologous fascial slings, biologic slings may be used from human donor tissue or animal tissue. However, outcomes of slings that apply these allograft s and xenograft s are less well established than those of the traditional autologous option.
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Midurethral synthetic slings
In recent years, midurethral synthetic slings have replaced pubovaginal slings as the gold standard for surgical correction of stress urinary incontinence. 83 Midurethral slings are thought to be successful because of the "hammock" hypothesis. This describes the urethra as being compressed against a hammock-like supportive layer to assist in the urethral closure mechanism during an increase in intra-abdominal pressure, such as during a cough. 84 This theory originated with the work of Petros and Ulmsten, who described how alterations in connective tissue may cause laxity in the vagina and its supporting ligaments and lead to incontinence.
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The placement of a sling is minimally invasive and is usually performed in an outpatient setting. They can be placed either retropubically, as in the classic tension-free vaginal tape procedure, or through the transobturator tape approach (fi gure). The Trial Of Mid-Urethral Slings (TOMUS) was a multicenter randomized trial by the Urinary Incontinence Treatment Network that showed equivalence between the two approaches by subjective and objective criteria. 86 This trial of 597 women that compared retropubic versus transobturator midurethral slings and a two year follow-up study of adverse events found a signifi cantly higher rate of bladder perforation and voiding dysfunction in the retropubic group and more neurologic symptoms, such as leg weakness or groin numbness, in the transobturator group. 86 87 Most neurologic symptoms resolved over six weeks. 87 Overall, urinary tract infection was the most common adverse event in both groups.
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Success rates of midurethral slings range from 84% to 99%. 83 88 89 Risks of surgical correction include bleeding, pain, infection, de novo urgency, urinary retention, and failure of treatment. The best long term data exist for the tension-free vaginal tape procedure. An 11 year prospective follow-up showed a 90% objective cure rate with a negative behavioral treatment, or combination therapy, 49% of women who received behavioral therapy reported no bothersome urinary incontinence symptoms versus 33% of women with a pessary (P=0.006).
76 Seventy fi ve per cent of women were satisfi ed with behavioral therapy versus 63% of women with a pessary (P=0.02). 76 These results persisted only up to three months, and by 12 months success declined in both groups and no diff erence was seen.
76 Combination therapy was no more eff ective than either treatment alone.
76
At three months, 40% of women with a pessary reported that their symptoms were "much better" or "very much better," although this was not statistically signifi cant. 76 Therefore, incontinence pessaries are modestly eff ective and are best used for women who are poor surgical candidates or who choose not to have surgery. However, their use is not supported by the NICE guidelines because limited high quality evidence is available. 35 No guidelines are available regarding the use of pessaries in the US.
Minimally invasive and surgical options
For women in whom Kegel exercises are ineff ective and who desire defi nitive surgery, fi ve procedures are endorsed by the American Urological Association-the use of injectable bulking agents, laparoscopic suspensions (laparoscopic "Burch" colposuspension), midurethral slings, pubovaginal slings, and open retropubic suspensions. 77 However, midurethral slings are by far the most popular slings used today, owing to their good long term efficacy and minimally invasive approach.
Injectable bulking agents
Bulking agents are injectable materials placed at the bladder neck to improve continence. Several diff erent bulking agents are available including silicone particles, carbon beads, calcium hydroxyapatite, ethylene vinyl alcohol copolymer, porcine dermal implants, and a hydrogel composed of water and cross-linked polyacrylamide.
Two to three injections are oft en needed to achieve a durable result. Few comparative data on the diff erent bulking agents are available. In a prospective randomized trial of 45 women with stress urinary incontinence that compared pubovaginal slings with transurethral silicone particles, 81% of the women in the sling group versus only 9% of those in the bulking agent group were objectively cured at six months (P<0.001).
78 Although less eff ective than surgery, these agents are a reasonable option for women with multiple comorbidities who are poor surgical candidates and desire short term symptomatic relief. 79 Bulking agents can also help women who have already had surgery (such as a sling), yet still have some residual incontinence, achieve complete continence. 80 They may be considered in women who have not improved with conservative management for stress urinary incontinence. However, patients should be counseled that repeat injections may be necessary, effi cacy decreases over time, and slings are more effi cacious. 35 
Burch colposuspension and fascial slings
For years the Burch colposuspension and autologous fascial slings were considered the gold standard operations for the treatment of stress urinary incontinence. The Burch procedure involves suspending the anterior vaginal wall to the were insuffi cient data to recommend against using mesh for stress urinary incontinence procedures. In January 2014, the American Urogynecologic Society (AUGS) and SUFU issued a joint statement that strongly supported the use of polypropylene mesh for midurethral sling surgery. The statement recognized the procedure as the safe, eff ective, worldwide standard of care for the treatment of women with stress urinary incontinence. In a study of adverse events over two years aft er a sling procedure, only 4% of women experienced mesh related complications and most of these did not require surgical intervention.
87
Looking ahead
As healthcare systems seek increased value at a lower cost, urinary incontinence is an area where costs can be considerably reduced through minimizing the use of diagnostic testing. Quality of care indicators are a means to measure the care provided to women with urinary incontinence and can be used as an algorithm for the investigation and treatment of urinary incontinence, regardless of provider specialty. This method is useful for areas in which the level of evidence is limited. 34 93 The application of these algorithms can improve incontinence care at the generalist level and thereby reduce the need for specialty care, while algorithms applied to specialist care can help reduce costly, and sometimes unnecessary, testing.
Further research is needed to improve our understanding of the physiology underlying overactive bladder syndrome. In addition, the prevention of lower urinary tract symptoms is an exciting area of research that has the potential to reduce the burden of urinary incontinence. Urinary biomarkers are an ongoing area of research, and several clinical trials are under way to identify the role of urinary nerve growth factor, prostaglandin E2, ATP, and others as potential biomarkers for overactive bladder syndrome to identify at risk patients and predict responsiveness to treatment (see clinicaltrials.gov). stress test and pad weight and a 77% subjective cure with no long term adverse eff ects, indicating that this procedure is safe and eff ective aft er 10 years.
90
Choice of sling A systematic review and meta-analysis of sling surgery for stress urinary incontinence recommends the use of either tension-free vaginal tape or transobturator tape slings for objective and subjective cure (level 1A evidence). The decision can be based on adverse events of concern to the patient. 91 The 49 RCTs included in this meta-analysis compared midurethral slings with open or laparoscopic Burch colposuspension, and the review recommends either, depending on adverse events of concern to the patient (level 1A evidence). 91 Pubovaginal slings are recommended over Burch procedures to maximize cure (level 1A evidence).
91 Midurethral slings are recommended over pubovaginal slings for better subjective cure (level 2C evidence).
91
Single incision mini-slings have gained popularity as an option with potentially fewer complications. However, some preliminary studies suggest that mini-slings have lower subjective and objective cure rates and higher reoperation rates when compared with traditional midurethral slings. 92 Because data vary by the specifi c mini-sling used, level 1 data are needed to compare the effi cacy of minislings with that of retropubic and transobturator slings.
Vaginal mesh
Mesh for the surgical correction of stress incontinence and in midurethral synthetic slings is safe and eff ective. In 2008, the FDA issued a statement cautioning against the use of vaginal mesh in the surgical correction of pelvic organ prolapse and incontinence. Aft er adverse events reported to the FDA exceeded 3874, an updated FDA warning in 2011 stated that most mesh related complications were associated with vaginally placed mesh for prolapse, and that there
STAT E O F T H E A RT R EV I E W
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The Pelvic Floor Disorders Network is currently conducting several innovative clinical trials, including Anticholinergics versus Botox Comparison (ABC), a randomized trial of onabotulinumtoxinA versus drugs for reducing urgency urinary episodes of incontinence. The network is also comparing the eff ectiveness of onabotulinumtoxinA with that of sacral neuromodulation for the treatment of refractory urgency urinary incontinence in a randomized active control trial known as Refractory Overactive Bladder: Sacral NEuromodulation v BoTulinum Toxin Assessment (ROSETTA). These two trials will off er exciting information on the most effi cacious treatments for urgency urinary incontinence and will help the clinician decide on the most appropriate treatment for patients with overactive bladder syndrome.
Conclusion
Urinary incontinence aff ects a large number of women and results in a substantial socioeconomic burden. Minimally invasive treatment measures can readily be initiated by primary care providers, with referral to a specialist when conservative management is not eff ective. Many minimally invasive and effi cacious treatment options are available for both stress and urgency urinary incontinence. Despite the high rate of mesh related complications aft er vaginally placed mesh for prolapse, midurethral mesh slings for stress urinary incontinence have an acceptably low complication rate with durable effi cacy. Newer treatments for overactive bladder syndrome and urgency urinary incontinence, including mirabegron and intravesical botulinum injection, have greatly changed the landscape of treatment, providing a wide range of treatment options to patients with overactive bladder syndrome that is refractory to traditional anticholinergic drugs.
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FUTURE RESEARCH QUESTIONS
What is the ideal treatment algorithm for patients in whom conservative management of overactive bladder syndrome has been unsuccessful? Should a patient be considered first for onabotulinumtoxinA, tibial nerve stimulation, or sacral nerve modulation? Which patients will best respond to which types of treatment? What is the long term efficacy and safety of suburethral mini-slings and midurethral slings? In the era of mesh related complications, are midurethral slings still safe? What is the surgical outcome of repeat sling surgery after initial sling surgery has been ineffective?
